Immune checkpoint inhibition has been demonstrated to be an effective anticancer strategy. Several lines of evidence support the study of immunotherapy in triple-negative breast cancer (TNBC). We assessed the safety and antitumor activity of the programmed cell death protein 1 (PD-1) inhibitor pembrolizumab in patients with advanced TNBC.
Methods KEYNOTE-012 (ClinicalTrials.gov identifier: NCT01848834) was a multicenter, nonrandomized phase Ib trial of single-agent pembrolizumab given intravenously at 10 mg/kg every 2 weeks to patients with advanced PD-L1-positive (expression in stroma or $ 1% of tumor cells by immunohistochemistry) TNBC, gastric cancer, urothelial cancer, and head and neck cancer. This report focuses on the TNBC cohort.
Results
Among 111 patients with TNBC whose tumor samples were screened for PD-L1 expression, 58.6% had PD-L1-positive tumors. Thirty-two women (median age, 50.5 years; range, 29 to 72 years) were enrolled and assessed for safety and antitumor activity. The median number of doses administered was five (range, 1 to 36 doses). Common toxicities were mild and similar to those observed in other tumor cohorts (eg, arthralgia, fatigue, myalgia, and nausea), and included five (15.6%) patients with grade $ 3 toxicity and one treatment-related death. Among the 27 patients who were evaluable for antitumor activity, the overall response rate was 18.5%, the median time to response was 17.9 weeks (range, 7.3 to 32.4 weeks), and the median duration of response was not yet reached (range, 15.0 to $ 47.3 weeks).
Conclusion
This phase Ib study describes preliminary evidence of clinical activity and a potentially acceptable safety profile of pembrolizumab given every 2 weeks to patients with heavily pretreated, advanced TNBC. A single-agent phase II study examining a 200-mg dose given once every 3 weeks (ClinicalTrials.gov identifier: NCT02447003) is ongoing.
INTRODUCTION
Triple-negative breast cancer (TNBC) is histologically defined by a lack of estrogen receptor and progesterone receptor expression and the absence of human epidermal growth factor receptor 2 (HER2) overexpression and/or amplification. 1, 2 TNBC represents up to 20% of all breast cancers. 3 Although not synonymous with the basal-like subtype defined by gene expression profiling, approximately 70% of TNBCs have basal-like characteristics. 4, 5 TNBC is more common in younger women, 2,6,7 those of African descent, 6, 7 and those with BRCA1 germline mutations. 1, 4, 8 TNBC tumors are frequently of high histologic grade, 7, 9 present at an advanced stage, 7, 9 are typically more aggressive and difficult to treat than hormone receptor-positive tumors, 2, 10 and are associated with a higher risk of early relapse. 2,10 The lack of estrogen receptor, progesterone receptor, and HER2 expression precludes the use of targeted therapies, and the only approved systemic treatment option is chemotherapy. Responses to chemotherapy occur, but are often short lived and are frequently accompanied by considerable toxicity. 5, [10] [11] [12] [13] Given the suboptimal outcomes with chemotherapy, new targeted therapies for TNBC are urgently needed.
The programmed death receptor 1 (PD-1) pathway plays a critical role in regulating the immune response. PD -1, an inhibitory immune checkpoint receptor expressed on activated T cells,  B cells, natural killer cells, activated monocytes, dendritic cells,  myeloid cells, and a subset of thymocytes,  14-16 limits autoimmunity  by regulating the activity of effector T cells in the periphery in  response to an inflammatory stimulus. 14,17 PD-L1, a PD-1 ligand, is an immunosuppressive signal that is upregulated in response to proinflammatory signals such as interferon-g. 15, 17, 18 Abundant research has shown that PD-L1 is expressed in multiple solid malignancies, including melanoma and cancers of the lung, bladder, colon, liver, and head and neck, 15, 18 and may be a predictor of response to PD-1 pathway inhibition. 19 Primary breast cancers also express PD-L1, with expression generally higher in TNBC. [20] [21] [22] [23] Through adaptive immune resistance, tumors are able to co-opt the PD-1 pathway via T-cell exhaustion and immunosuppression, thereby evading destruction by the antitumor immune response. 14, 17 Pembrolizumab is a high-affinity, highly selective, humanized monoclonal IgG4-k antibody against PD-1. Pembrolizumab is approved in several countries for the treatment of advanced melanoma. Additionally, clinical studies with pembrolizumab have demonstrated promising efficacy with durable responses and a manageable safety profile in many advanced malignancies, including non-small-cell lung cancer (NSCLC), 24 Several lines of evidence support the study of immunotherapy in TNBC. Gene expression profiling demonstrated an association between expression of immunomodulatory genes and better clinical outcomes in TNBC. 28 In addition, significant infiltration of TNBC tumors with tumor-infiltrating lymphocytes, which have been shown to have prognostic significance in TNBC, has been reported. [29] [30] [31] [32] [33] A direct link to the PD-1 pathway came from The Cancer Genome Atlas
34
; using RNA expression data from The Cancer Genome Atlas, higher PD-L1 mRNA expression was demonstrated in TNBC versus non-TNBC samples (P , .001). 20 Subsequent studies reported that PD-L1 is expressed in approximately 20% to 30% of TNBC, 20,35 is associated with infiltrating lymphocytes, 23 and correlates with higher histologic grade. 20, 35 Mutations or deletions in the PTEN/PI3K pathway have been implicated in breast cancer 34, 36 ; loss of PTEN specifically correlates with hormone receptor-negative breast cancer, 36 leads to the upregulation of PD-L1, and suppresses T-cell proliferation and survival. 20 Given the need for new targeted therapies that will improve outcomes, coupled with the strong association between hormone receptor-negative tumors and immune cell infiltration, we examined the safety and antitumor activity of pembrolizumab in advanced TNBC.
METHODS

Study Design and Population
KEYNOTE-012 (ClinicalTrials.gov identifier: NCT01848834) was a nonrandomized, multicohort, phase Ib study designed to evaluate the safety, tolerability, and antitumor activity of pembrolizumab in patients with advanced TNBC, gastric cancer, urothelial cancer, and head and neck cancer. For the TNBC cohort, key eligibility requirements included: age 18 years or older; estrogen receptor-negative, progesterone receptor-negative, HER2-negative, recurrent or metastatic breast cancer; measurable disease per Response Evaluation Criteria in Solid Tumors (RECIST) v1.1; an Eastern Cooperative Oncology Group performance status of 0 to 1; any number of prior systemic treatments; and PD-L1-positive tumors. Key exclusion criteria included: use of systemic steroids within 7 days of study entry; chemotherapy within 2 weeks of first pembrolizumab dose; active brain metastases (treated and stable brain metastases were allowed); prior therapy with anti-PD-1/ anti-PD-L1/anti-CLTA-4 antibody; and active autoimmune disease.
Treatment
Patients received pembrolizumab 10 mg/kg intravenously every 2 weeks until unacceptable toxicity, disease progression, or investigator decision. If clinically stable, patients with first radiologic evidence of disease progression per RECIST v1.1 were permitted to continue on pembrolizumab until a second scan performed $ 4 weeks later confirmed progression.
Assessments
PD-L1 was assessed in formalin-fixed, paraffin-embedded archival tumor samples at a central laboratory using a prototype immunohistochemistry assay and the 22C3 antihuman PD-1 antibody (Merck & Co., Kenilworth, NJ). 24 Positivity was defined as PD-L1 expression in the stroma or in $ 1% of tumor cells. Adverse events (AEs) were graded per the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0, during study treatment and for up to 30 days thereafter. Serious AEs were collected for up to 90 days after the last pembrolizumab dose. Other safety end points included regular monitoring of laboratory assessments, vital signs, and physical examinations. Imaging was performed every 8 weeks, and response was based on RECIST v1.1 as assessed by central radiology review.
The primary efficacy end point was overall response rate (ORR), defined as percentage of patients with a best overall response of complete response (CR) or partial response (PR). Patients evaluable for response were those with measurable disease by central review at baseline, who received at least one pembrolizumab dose, and who had at least one postbaseline scan or discontinued therapy before the first scan as a result of progressive disease (PD) or a treatment-related AE. Secondary efficacy end points were progression-free survival (PFS), defined as time from enrollment to disease progression or death, whichever occurred first; duration of response, defined as time from first RECIST v1.1 response to disease progression in patients who achieved a PR or better; and overall survival (OS), defined as time from enrollment to death from any cause.
Study Oversight
The study protocol and all amendments were approved by the appropriate institutional review boards and ethics committees at each institution. The study was conducted in accordance with the protocol, Good Clinical Practice guidelines, and the provisions outlined in the Declaration of Helsinki. All patients provided written informed consent.
Statistical Analysis
Antitumor activity was assessed in all patients who received at least one pembrolizumab dose, had measurable disease at baseline per RECIST v1.1 as assessed by central review, and had either at least one postbaseline scan or discontinued the trial as a result of progressive disease or a treatment-related AE before the first scan. Safety was assessed in all patients who received at least one pembrolizumab dose. With 26 evaluable patients, the study had approximately 80% power to detect a 25% difference in ORR under the null hypothesis of ORR = 20% with a type I error rate of 2.5% if the true ORR was 45%. PFS, OS, and duration of response were estimated using the Kaplan-Meier method. Ninety-five percent CIs for ORR were calculated using the binomial exact method. The association between PD-L1 expression and clinical outcomes was tested using logistic and Cox regressions for ORR and PFS, respectively.
RESULTS
Study Patients
Of the 111 patients with metastatic (m)TNBC whose tumor samples were screened for PD-L1 expression, 65 (58.6%) had PD-L1-positive tumors; of these, 32 patients enrolled in the study. Baseline characteristics were as expected for patients with advanced TNBC (Table 1 ). The median age was 50.5 years (range, 29 to 72 years). All patients had mTNBC at study entry and most were heavily pretreated, having received therapy in both the early and advanced disease settings. Twenty-eight patients (87.5%) were initially diagnosed with early-stage disease and had received (neo)adjuvant treatment. The remaining four patients (12.5%) presented with de novo metastatic disease and had received at least one line of therapy in the metastatic setting. The median number of prior lines of systemic therapy for metastatic disease was two, with 46.9% of patients having received at least three lines of therapy for metastatic disease and 25.0% having received at least five. Elevated lactate dehydrogenase (LDH) levels were observed in 40.6% of patients, and 78.1% of patients had visceral metastases. As of the data cutoff date of March 23, 2015 , the median duration of follow up was 10.0 months (range, 0.4 to 19.5 months).
Safety and Tolerability
The median duration of treatment was 59.5 days (range, 1 to 530 days), and the median number of pembrolizumab doses administered was five (range, 1 to 36 doses). Overall, 56.3% of patients experienced at least one treatment-related toxicity, including 15.6% who experienced at least one grade 3 to 5 event.
The most common treatment-related AEs of any grade included arthralgia (18.8%), fatigue (18.8%), myalgia (18.8%), and nausea (15.6%; Table 2 ). Five grade 3 treatment-related AEs were observed: anemia, aseptic meningitis, lymphopenia, headache, and pyrexia (Table 2 ). The patient with drug-related aseptic meningitis was successfully treated with pembrolizumab interruption and steroids for 6 weeks, and was subsequently able to resume the study drug at a reduced dose. This patient exhibited long-lasting PR to pembrolizumab and has remained on study treatment for more than 17 months.
One patient died as a result of disseminated intravascular coagulation (DIC) accompanied by grade 4 decreased blood fibrinogen, both of which were considered by the investigator to be treatment related. The onset of DIC was 10 days after the first pembrolizumab dose, and death occurred 4 days later. This patient was diagnosed with de novo metastatic disease, and before enrollment had rapid disease progression on three lines of prior therapy. Nine days before the first pembrolizumab dose, the patient's platelet count was 151 3 10 9 /L, and results of liver function tests were within normal limits. Six days before the first pembrolizumab dose, the platelet count had decreased to 115 3 10 9 /L. At the time of DIC presentation, the platelet count was 8 3 10 9 /L, blood fibrinogen was 0.46 g/L, the international normalized ratio was 1.67, and results of liver function tests were elevated; these findings are suggestive of hepatic decompensation in the background of rapidly progressing metastatic disease.
Possible immune-mediated AEs (regardless of attribution to pembrolizumab by the investigator) included one case each of grade 3 colitis, grade 3 hepatitis, and grade 2 hypothyroidism. The colitis was reported 40 days after the last pembrolizumab dose and after the patient had started subsequent therapy with capecitabine. Another patient experienced grade 2 enterocolitis accompanied by grade 3 diarrhea 136 days after the last pembrolizumab dose and 94 days after the start of eribulin. Both colitis cases were attributed to pembrolizumab by the investigator, were diagnosed by biopsy and exclusion of infectious etiology, and responded to steroids.
Antitumor Activity
Overall, 37.5% of patients experienced a decrease from baseline in tumor burden ( Fig 1A) ; decreases were maintained over time (Fig 1B) . Of the 32 patients enrolled, 27 met the protocolspecified criteria for inclusion in the efficacy analysis population based on centrally assessed RECIST v1.1. In these 27 patients, the ORR was 18.5% (95% CI, 6.3 to 38.1; Table 3 ). Best overall responses were CR in one (3.7%) patient, PR in four (14.8%) patients, stable disease (SD) in seven (25.9%) patients, and PD in 13 (48.1%) patients (Table 3 ). The disease control rate (ie, percentage of patients with best response of CR, PR, or SD for $ 24 weeks) was 25.9% (95% CI, 11.1% to 46.3%). The patient who experienced a CR had previously received eight lines of therapy for metastatic disease, including anthracycline-, taxane-, and platinum-based regimens, capecitabine, and eribulin. Of the four patients who experienced a PR, one patient received one line of prior therapy, one patient received three lines of prior therapy, and two patients received six lines of prior therapy in the metastatic setting. Two of four (50.0%) patients with nonvisceral disease and 10 of 23 (43.5%) patients with visceral disease experienced response or SD.
Elevated LDH has been recognized as a poor prognostic factor in solid malignancies, including breast cancer. 37 Among the 27 patients with known LDH level at baseline, greater than two-fold elevations in baseline LDH levels were associated with rapid disease progression: five of five (100%) patients with LDH $ 800 IU/L experienced PD within 8 weeks of study entry compared with 11 of 22 (50.0%) patients with LDH , 800 IU/L. This suggests that patients with mTNBC and high LDH may not have the opportunity to derive benefit from pembrolizumab, which in TNBC is associated with a longer median time to response (18 weeks; range, 7 to 32 weeks) than cytotoxic chemotherapy.
The median duration of SD was 17.0 weeks (range, 7.1 to 32.1 weeks), and two patients had SD $ 24 weeks duration. The median time to response was 17.9 weeks (range, 7.3 to 32.4 weeks; Fig 1C) . Of the five responders, two discontinued treatment: one for progression in nontarget lesions and one for appearance of new lesions. Three responders remain on study and have received pembrolizumab for $ 1 year, with response durations of 24.1, 24.7, and 47.3 weeks as of data cutoff. The median duration of response was not reached at the time of data cutoff (range, 15.0 to $ 47.3 weeks). Twenty-two PFS events were observed, and the median PFS was 1.9 months (95% CI, 1.7 to 5.5), with a 6-month PFS rate of 24.4% (Fig 2A) . The median OS was 11.2 months (95% CI, 5.3 to [not reached]), with 6-month and 12-month OS rates of 66.7% and 43.1%, respectively (Fig 2B) .
In this small population, using a prototype assay scoring PD-L1 expression as the percentage of inflammatory and tumor cells staining for PD-L1, there was evidence of an increasing probability of response (one-sided P = .028 for ORR) and a reduction in the hazard (one-sided P = .012 for PFS) with increasing expression of PD-L1.
DISCUSSION
In KEYNOTE-012, we investigated the safety and antitumor activity of single-agent pembrolizumab in PD-L1-expressing, advanced TNBC; all patients were exposed to chemotherapy in the (neo)adjuvant and/or metastatic setting. We found that pembrolizumab demonstrated an acceptable safety and tolerability profile, with an incidence of grade 3 to 5 treatment-related AEs (15.6%) comparable to that seen with its use in other advanced malignancies. Importantly, pembrolizumab demonstrated an ORR of 18.5%, including one CR. To our knowledge, this makes it the first published report showing clinical activity for an immune checkpoint inhibitor in a heavily pretreated mTNBC population. The 18.5% ORR is comparable to that reported for the head and neck (21.4%) 25 and gastric (22.2%) 26 cancer cohorts of KEYNOTE-012, and only slightly lower than that of the urothelial cancer cohort (27.6%).
27
All 32 enrolled patients had previously received chemotherapy, including 27 who received chemotherapy for both early and advanced disease. All patients had previously received a taxane, and the majority had also been exposed to anthracyclines, platinum agents, and capecitabine. Four of the five responders had visceral disease, suggesting that immune checkpoint inhibition is an effective therapy even in the setting of heavily pretreated, advanced disease. However, in patients with baseline LDH levels . 23 the upper limit of normal (suggestive of rapid disease progression), no responses were seen. Combining immune panel, only patients who received at least one pembrolizumab dose and who had evaluable tumor measurements based on RECIST v1.1 assessed by central review at baseline and at least one postbaseline assessment were included (n = 24). Reasons for treatment discontinuation in patients whose change from baseline per RECIST v1.1 by central review was # 20% are indicated; because patients were managed by investigator assessment, reasons for discontinuation are based on RECIST v1.1 by investigator review. In panel C, length of bars equals time to last imaging assessment by central review. RECIST, Response Evaluation Criteria in Solid Tumors. checkpoint inhibition with cytotoxic therapy may be a reasonable strategy in these patients, to enable more rapid disease control while waiting for immune checkpoint blockade to take effect.
The durability of response observed with pembrolizumab monotherapy in heavily pretreated mTNBC (median not reached; range, 15.0 to . 47.3 weeks), including three responders who remain on study and have received treatment for $ 1 year, is promising, given that the duration of response to standard chemotherapy in this population is, at best, 4 to 12 weeks. 38 The 25.9% disease control rate, 24.4% 6-month PFS rate, and 66.7% 6-month OS rate support the durable benefit of pembrolizumab in patients with mTNBC. Using a prototype assay, there was a trend toward clinical benefit with pembrolizumab and increasing PD-L1 expression. Although these data are hypothesis generating, we were unable to conclude whether PD-L1 expression was predictive of response, given the small sample size and the enrollment of only patients with PD-L1-positive tumors. In general, use of PD-L1 as a biomarker has been controversial. Further studies are therefore needed to identify immune biomarkers to select patients who would most likely benefit from immunotherapies.
One limitation of this study was the small sample size, which makes broad generalizations regarding efficacy challenging. The 18.5% response rate may have been dampened by the heavily pretreated population studied and the inclusion of patients with high LDH levels. These patients appeared to have aggressive and rapidly proliferating tumors, given that all of them experienced disease progression within 60 days of study entry. However, it is notable that in KEYNOTE-012, the ORR associated with singleagent pembrolizumab (18.5%) was approximately double that reported for capecitabine (9%) as second or higher line (2L+) therapy for mTNBC in a prespecified subgroup analysis of a phase III clinical trial. 39 The high dose administered in this study potentially led to greater incidence of toxicities. However, in patients with advanced melanoma 40 and advanced NSCLC 41 enrolled in the pivotal KEYNOTE-001 study, pembrolizumab given at 10 mg/kg every 2 or every 3 weeks showed similar incidence of grade 3 to 4 treatmentrelated toxicities (15% v 12% in melanoma, 9% v 10% in NSCLC). Based on the similar safety profiles, the highest dose, 10 mg/kg every 2 weeks, was chosen to assess initial tumor activity in the TNBC cohort. Subsequent pharmacokinetic/pharmacodynamic analyses found no exposure-response relationship for efficacy or safety between pembrolizumab doses and schedules, and the approved dose of pembrolizumab was accordingly changed to once every 3 weeks. 42 Overall, these results support further development of pembrolizumab for the treatment of mTNBC. The phase II KEYNOTE-086 trial (ClinicalTrials.gov identifier: NCT02447003) evaluating the efficacy and safety of single-agent pembrolizumab in mTNBC is currently enrolling patients. Combination studies of pembrolizumab with other anticancer therapies are in development.
